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ABSTRACT 
The rate of incorporation of tritiated thymidine ("H-TdR) was used to measure the 
synthetic capabilities of epidermal cells in vitro in the presence of ethanolic fractions of a 
tissue-specific mitotic inhibitor (chalone). 
In control cultures a synthetic lag period of approximately two hours was followed by a 
period of maximal DNA synthesis at four hours' incubation. In the chalone-treated cells, a 
marked depression in incorporation of "H-TdR was observed during this period of maximal 
synthesis. This synthetic depression was attributed to the presence of chalone. The 
chalone effect was demonstrated most dramatically in the 0- 60 percent ethanolic fraction; 
however, the 70-80 percent fraction showed a higher percent inhibition per mg protein. The 
80-90 percent fractions consistently showed a stimulatory effect on "H-TdR incorporation. 
Statistical analyses showed that DNA synthesis in control and chalone-treated cells was 
statistically different at hours 3, 4, and 5 of incubation. It was concluded that this difference 
could only be attributed to the presence of chalone. 
Interest in the molecular basis of growth control 
(cellular proliferation) was stimulated in 1957 
after Weiss and Kavanau proposed a theoretical 
template- antitemplate growth model (1]. Studies 
subsequent to Weiss and Kavanau 's theoretical 
model suggested that one necessary component is 
a tissue-specific mitotic inhibitor. Bullough pro-
posed that this tissue-specific mitotic inhibitor be 
called a "chalone" [2). 
A significant amount of research has been 
directed toward characterizing the properties of 
an epidermal chalone which may broadly be 
defined as a tissue-specific, species-nonspecific, 
protein that maintains a balance between the rate 
of epidermal cell production and cell loss by a 
process of negative feedback inhibition. Aqueous 
extracts of pig skin have been shown to possess 
properties of an inhibitor that has the in vivo and 
in vitro characteristics of a chalone [3]. 
Several real limitations have been associated 
with past and present epidermal chalone research. 
Among these are the inability to develop an 
extraction technique that would yield pure epider-
mal chalone, and the lack of sufficient studies 
devoted to the question of chalone specificity. 
Another very real and most intriguing problem 
has been to find a reliable assay system to 
measure the effects of chalones. To date these 
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effects have been monitored using in vivo or in 
vitro systems with colcemid- or colchicine-treated 
cells that involve the technique of counting mi-
totic figures (4, 5]. While these methods are 
somewhat accurate in determining chalone ef-
fects, an even more accurate demonstration of the 
temporal effects of an epidermal chalone could be 
obtained by employing an assay system that 
monitors its effects on the biosynthetic activities 
of the entire cell population. 
Therefore, the present study was designed to 
biochemically assay the temporal effects of an 
epidermal chalone on the DNA synthetic activity 
of epidermal cells in vitro. 
MATERIALS AND METHODS 
Commercially obtained pig skin was used as a source 
of chalone. For our experiments the manually defatted 
skin was ground in a commercial meat grinder. Precau. 
tions were taken to maintain the skin as close to 0° C a 
possible throughout all subsequent procedures. 
Extraction of chalone: Extractions were performed 
utilizing a modified Boldingh and Laurence procedul:l! 
[3 ]. One hundred grams of ground skin were thoroughh 
suspended in two volumes (200 ml) of deionized distille~ 
water and quick-frozen in an ethanol-dry ice bath (les 
than 20° C) . The suspension was thawed on a magneti~ 
stirrer with agitation beginning as soon as thawin• 
allowed and continuing for 90 min. Further homogena~ 
tion was insured by spinning in a Waring blender. Th~ 
suspension was then spun at 37,000 g at zoe for 30 min 
in a Sorvall RC2-B. Precipitates were combined and !'!!-
extracted by the previous procedure with one volum~ 
(100 ml) of water. The desired fractions from the fi rst 
and second extractions were combined. 
Isolation and purification of chalone. An ethanoli 
precipitation was done obtaining 60% (v/v) , '70%, 80%, 
and 90% ethanolic suspensions as previously described 
[3]. The ethanolic fractions were dialysed against watet 
at zo C for at least 24 hr. 
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Quantitative protein determination. T he protein con-
centration in each suspension was determined by the 
method of Lowry et al [6] and expressed as mg protein 
per m l of solu t ion. 
Epidermal cell culture technique. Suspensions of epi-
dermal cells from . the ears of male albino gui nea pigs 
weighing from 300-350 gm were prepared for cul ture 
using techniques described previously [7]. 
Custom-made glass (pyrex) chambers with a 2 mm x 
35 mm well were used for epidermal cell cul t ivation . 
The wells were closed with Corning cover glasses. T he 
enclosed chambers had a tota l volume capacity of 3 ml. 
For t he control, an aliquot of the cell suspension was 
standardized at 1 X 10 ' cells/ml in the des ired volume 
of media needed for each experiment. For the bioassay 
of the cha lone fractions, 4 to 7 ml of the protein suspen-
sions were added to the cells in media and additional 
media added to t he desired volume for standard cell 
concen t ration. For both the control and the chalone as-
say 2.5 ml of media and cells were injected into pre-
pared chambers and incubated at 35 ° C. All chambers 
were run in dupli cate. Viability tests were perfo rmed 
on cells in addi tional chambers using supravita l stai n-
ing procedures. 
A total of 11 experiments were performed. 
Assay of incorporation of thymidine-' H. DNA syn-
thesis was moni to red by labeling cells with thymidine 
(methyl- •H, 7.5 l'c/0.0025 !'mole/chamber) , which 
was added 1/z hr prior to cell collection. Cells were in-
cubated and collected at hourly intervals through 5 hr 
of incubation. 
Cell collection. The contents of 2 chambers each hour 
were tra nsferred to a glass graduated cylinder and the 
volume noted. The chambers were t rypsinized wi th 2 
rn l of 5% Bacto-trypsin reconstitu ted with Fischer's 
medium for 10 min at 37 °C to remove attached cells. 
The trypsinized cell medium was t ransferred to the 
same graduated cylinder and chambers were agitated 
again with 2 ml of fresh nontritiated medium to collect 
any residual cells; the wash was also added to the gradu-
ated cylinder and the final volume noted. A cell count 
was obtained wit h a hemacytometer. 
The resultant cell suspension was fi ltered through a 
Mill ipore filterin g apparatus (pore size 0.45 Jl). Labeled 
cell samples colle8ted on filters were washed with 5 ml 
of 5% t richloroacetic acid which was allowed to stand 
in the fi ltering apparatus fo r 3 min before t he vacuum 
was a pplied. Three such washes were done before re-
moving the filter with the labeled DNA cell samples to 
a glass scin tillation vial. Ten ml of scint illation fluid 
were added to each via l, and the via ls placed in a liquid 
scintillation counter (Packard Tri-Carb Spectrometer). 
Counts were normalized to counts per minute (cpm) 
per 10 6 cells for both the control and chalone assay. All 
counts were corrected for background radiation. 
Calculation of results. Percent inhibition was com-
puted by dividing the normalized cp m for the chalone-
treated cells by the normalized cpm for the contro l at 
each ti me, then sub tracting this percentage from 100% 
(represe ntative of maximal in corporation of 'H-TdR 
by t he control for that hour). The percent inhibit ion was 
computed ut ilizing the maximal DNA synthetic phase 
observed which generally occurred during hour 4 
Df incubation . T hus, the percent synthetic inhibi t ion 
was calculated by the formula : 
cpm per 10' cell experimental 
100%- X 100 
cpm per 10' cell control 
The data were subjected to a statistical analysis us-
ing an IDM 360 computer at the comput ing laboratories 
of Brown University. 
RESULTS 
Ten of 11 controls demonstrated maximal in-
corporation of 3H-TdR at hour 4 of incubation . 
(The other control eli cited a peak at hour 3; see 
Figs . 1 and 2.) During the first two to three hours 
of incubation, controls generally showed a period 
of decreased synthes is (Figs. 1, 2) prior to t he 
burst of DNA synthesis noted at hour 4. 
Chalone effect. Bioassays of t he 37,000 g pre-
cipitates demonstrated a depression in DNA syn-
thetic activi ty. This was call ed the "chalone 
effect ." Forty- four percent of the chalone-treated 
sa mples at hour 5 showed a slight recovery phase, 
which manifes ted itself as augmented DNA syn-
thesis subsequent to the chalone effect. In assays 
of the 0- 60 percent ethanol fraction , a significant 
decrease in incorporation of 3H-TdR was observed 
at hour 4 as compared to t he normal cont rol (Figs . 
1, 2). Statistical analysis showed a signi ficant 
difference in DNA synt hesis during the fourth 
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FIG. 1. (Top) 0- 60% dialysed ethanol precipitate 
chalone assav with control: 78 mg protei n per mi. 
FIG. 2. (Bottom) 0- 60% dialysed ethanol prec ipitate 
chalone assay with control: 7.47 mg protein per ml. Figs. 
1 and 2 demonstrate: (a) the lag period (hrs 1- 3) of the 
control· (b) the maximal DNA synt hetic phase (hrs 
3-4) or ' the control ; (c) the inhibit ion of DNA synthesis 
due to the presence of chalone and its dose-dependent 
effect. 
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hour (Table I). In the 0-60 percent" fractions 
tested, decrementation of DNA synthesis ap-
peared to be dependent upon the concentration of 
protein within the in vitro system (Figs. 1, 2), and 
was quantitated as percent inhibition and com-
piled in Table II. 
Although the most dramatic inhibitory effects 
of chalone were demonstrated for the 0-60 percent 
and 0-80 percent ethanol fractions (80.1 and 90.4 
percent inhibition , respectively) the fraction regis-
tering the highest inhibition per mg protein was 
the 70-80 percent fraction (Table II). 
Chalone stimulatory effect. The 80-90 percent 
ethanolic fraction demonstrated an enhanced in-
corporation of 3H-TdR with respect to the control 
during the fourth hour of the experiment (Table 
II, Figs. 3, 4). Quantitation of this phenomenon 
was performed by computing percent stimulation 
by a method analogous to the one utilized for 
percent inhibition . This phenomenon of stimu-
lated DNA synthesis due to the presence of 
protein is called the "chalone stimulatory effect." 
Statistical analysis. The basic statistical prob-
lem is to make inferences about characteristics of 
similar in vitro epidermal cell populations on the 
basis of observations of the behavior in the control 
and chalone-treated cell populations. The resul ts 
of the analysis appear in Table I. The mean ± 
S.E. (standard error) 3H-TdR incorporation of all 
control and all chalone-treated cells (Fig. 5) shows 
that DNA synthesis (3H-TdR) in the chalone-
treated populations is consistently less than that 
of the control during the expected phase of maxi-
mal synthesis and there is no overlap, even at the 
point of minimal control incorporation and maxi -
mal experimental incorporation. 
At hours 1, 3, 4, and 5 (in ~II except the 80-90 
percent fraction) the derived "t" values are sig-
nificantly above that value of t at the 95 percent 
confidence limit . Hence, at these hours the control 
and the chalone-treated cells are statistically 
different from one another. That the cell popula-
tions are statistically simi lar at hour 2 of incuba-
tion was expected s ince approximately 50 percent 
of the chalone-treated samples overlapped with 
the control during hour 2 of the control lag phase 
(Fig. 5). 
DISCUSSION 
The incorporation of 3H-TdR was used as th 
main indicator of DNA synthesis prior to eel~ 
proliferation in this in vitro test system. Epider, 
mal chalone effects have not been investiaated_ 
previously in terms of interaction with thymidine 
metabolism. Ry~omaa and K_i;inie_mi r8, _9 J used, 
3H-TdR to mom tor cell proliferatiOn m m vitro 
studies on the granulocytic chalone and anticha-
lone. The work o_f ~erry and Marsh [10 J and 
Grad dock [11, 12 ) mdtcated that the effects of the 
granulocytic chalone was explicable in terms of 
interaction with thymidine metabolism . These 
autho_rs demonstrated t~at preparations from 
both mtact and homogemzed leukocytes in vitro 
cause virtuall y complete inhibition of 3H-TdR 
incorporation in human leukemic leukocytes and 
in dog thoracic duct lymphocytes. It was sug-
gested by Perry and Marsh [10] that this effect 
was due to t he presence of thymidine phosphory-
lase which rapidly converted thymidine to thy-
mine and thus prevented uptake of "H-TdR in the 
DNA. Rytomaa and Kiviniemi [8] showed that 
such an effect is different from the granulocytic 
chalone action which was readily demonstrated 
using other indicators besides 3H-TdR. The e 
indicators included 14C-formate [13], 3H-adenine 
[9], substances such as 358-sulphate and amino 
acids [13 J. Also, thymidine phorphorylase was 
shown not to be present in the chalone containina 
fractions obtained by Sephadex gel filtration. b 
Although generalizations arrived at from 
studies on a granulocytic chalone may not be valid 
for an epidermal chalone, analogies in the action 
of these substances do suggest certain basic simi-
larities. Until a more critical study of a possible 
interaction between an epidermal chalone and 
thymidine metabolism is made, the chalone effect 
will have to be interpreted in terms of available 
data. 
One interpretation of the results of our study i 
that chalone acts on an unknown switch mecha-
nism during G, of the cell cycle and determine 
the type of metabolic activities in which the cell 
will indulge. The results a lso suggest that the 
37,000 g precipitates contain a cell cycle inhibitor 
TABLE I 
Statistical analysis of variations in the temporal synthetic patterns of control and chalone-treated cell populations 
~ 
Hour o{ incubation l 2 3 4 5 
Control: mean ± SE (cpm X 100 57 .1 ± 3.1 45.4 ± 2.4 49.6 ± 15.7 65.8 ± 20.8 45.4 ± 2.4 
per 106 cells) 
Chalone-treated: mean ± SE (cpm 43.6 ± 3.4 41.9 ± 2.4 32.0 ± 10.1 27.9 ± 8.8 32.2 ± 1.9 
per 106 cells 
"t" 2.89* 1.03 6.0* 10.4* 4.29* 
tat 0.05 p interval for 18 df (de- 2.08* 2.08 2.08* 2.08* 2.08* 
grees of freedom) 
t atO.l p interval lor 18df 2.85 2.85 2.85 2.85 2.85 
* indicates significant values 
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TABLE II 
Bioassays of ethanol fractions from 17,500 rpm protein 
containing epidermal extracts 
Hour 
Protein of max. % ETOH Fraction; per 2.5 ml incorp . % Inhib./mg Exp chamber ' H-TdR lnhib. 
(mg) in protein 
control 
0-80% PPT 
1 4.25 4 90.4 21.30 
2 8.65 4 61.0 7.05 
0-60% PPT 
3 8.70 3 35.8 4.12 
5 18.70 4 34 .5 1.85 
9 195 4 80.1 0.412 
60-80% PPT 
4 0.385 4 68.4 178 
60-70%PPT 
6 0.595 4 49.5 83 .2 
10 2.80 4 18.0 6.08 
70-80 % PPT 
7 0.158 4 58.5 372 
80-90% PPT 
8 0.125 4 67.0 536 
11 0.178 4 36.5 206 
detectable by the bioassay. Another possibility is 
that we are measuring epidermal chalone activity 
in a system composed of cells held in the S phase 
of t he cell cycle and making DNA with very litt le 
of a G 1 S progression. However, in t his study we 
have assumed, based on previously reported ex-
perimental data [7], that adding cha lone to our 
system at hour 0 is in effect adding chalone to a 
G 1 cell population. 
T he technique we have employed to remove 
cells from laboratory anim als is thought to cause 
sufficien t shock to impose partial synchrony on 
the cell popul at ion. Ot her workers have ex-
perienced this phenomenon and proposed control 
mechanisms to explain the synchrony [14, 15 ]. 
Block et al [16) proposed that some inhibi tory 
substan ces (chalones) exist in tissues to control 
cell division and involve a type of feedback or 
negative inhibition as does Bullough 's chalone 
[17]. Our resul ts lend plaus·ibility to the existence 
of such a chalone control mechanism. As noted, 
the control ce ll populations show a lag period of 
approximately two hours during which the cells 
are probably adjusting to the environment of t he 
culturing chambers. At the end of two hours' 
incubation the concent rat ion of the endogenous 
in hibiting substance (chalone?) is probably too 
low to effectively inhibit DNA synt hesis; conse-
quently, cells begin to synthes ize DNA whenever 
they are able. Synchrony resul ts because ce lls 
anywhere in G 1 are st imul ated to DNA synthes is 
immediately [7). S ince t he synthetic period is 
approximately 5.4 hours long [7], this may explain 
the occurrence of maximal DNA synthes is in our 
cult ures at the fourth hour . Hour 4 is taken as the 
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FIG. 3. (Top) 80- 90% dialysed ethanol precipitate 
with control: 0.05 mg protein per mi. 
FIG. 4. (Bo~tom) 80-90% dialysed ethanol precipitate 
with control: 0.07 mg protein per mi. Figs. 3 and 4 dem· 
onstrate in two separate experiments the chalone stim-
ulatory effect. 
maxim al DNA synthetic phase in our experiment 
since t he highest incorporation of radioactivity 
occurred at that t ime. Again the implication is 
th at chalone acts during G1 on an unknown switch 
mechanism that determines the type of metabolic 
activit ies in which t he cells will indulge . Several 
investigators have suggested that the real control 
ofthe cell cycle may lie in the G 1 period [18-20 ). It 
seems probable then that a physiologic growth 
regul ator as the postulated "chalone " would affect 
the length of the G1 phase by affecting entry of 
cells into the DNA-synthesizing phase, along with 
possible effects at S, G2, and the mitotic phase, to 
insure a smooth and natural growth regulation. 
As noted, the 80- 90 percent ethanolic fractions 
showed a chalone stimulatory effect, i.e., en-
hanced incorporation of 3H-TdR in the chalone 
assay with respect to the cont rol. That this 
enhancemen t occurred during the fourth hour of 
incubation gives added support for des ign ating 
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FIG. 5. Mean incorporation of 3H-TdR of control and 
chalone-treated cel l populations with range of standard 
error. (a) the statistical difference of hours l, 3, 4, and 5 
and the statist ical simila rity of hour 2; (b) the signifi-
cant decrease in DNA synthesis at hour 4 of chalone 
assays. Standard errors of the mean results of 10 experi-
ments a re indi cated by the vertical lines. , _____ , indi-
cates control values ; , __ , indicates cha lone values. 
this hour as that of maximal DNA synthesis and 
also lends support to its validity as a true phen -
·omenon. A similar effect was observed before [9), 
and was labe led the "antichalone" effect. 
Since the purpose of the experiment was to test 
the effects of an epidermal chalone extract on the 
synthetic capabilities of cultured epidermal cells, 
the question arose as to whether the control and 
chalone-treated cell populations were statistically 
different from one another. The implication in 
this case was that there is some environmental 
factor (chalone) that res ulted in the statistical 
difference. Statistical analysis (Table I) showed a 
significant difference in DNA synthesis during the 
fourth hour which, since the cel l populations are 
similar, can on ly be due to an environmental 
difference in the normal and assay cultures, that 
is, lack of chalone versus its presence . Therefore, 
we have concluded that the decreased incorpora-
tion of radioactivity is attributable to the pres-
ence of protein in the assay system. Other 
authors have noted such an inhibitory effect for a 
tissue-specific chalone [3, 8) or a chalone-like 
substance [21] . 
The dramatic 80 percent inhibition in Exp. 9 
correlates with a very large protein concentration 
(78 mg/ml) in the chalone extract. The combined 
res ults of Exps. 5 and 9 suggest an inhibition that 
is dose dependent, and seem analogous to dose 
responses seen by other investigators . Table II 
shows the amounts of decrementation imposed on 
3H-TdR incorporation by chalone during the ma..-x. 
imal synthetic phase. 
Our experiment was designed also to investigate 
the temporal aspects of chalone effects. Our 
findings suggest that inhibition of DNA synthesis 
by epidermal chalone is transient and is followed 
by a recovery phase which manifested itself as 
augmented DNA synthesis. Such behavior would 
be expected from a mitosis- inhibiting feedback 
system, as the chalone mechanism is thought to 
be [22, 23). Bullough and Laurence have demon. 
strated that epidermal chalone is epinephrine de-
pendent [23]. Marrs and Voorhees [21] have con-
firmed this point. A brief epinephrine exposure 
was required to obtain a chalone effect in excess. of 
five hours in their bioassays. Such an exposure 
presumably reestablishes some type of chalone-
epinephrine complex which can then be stabilized 
by either an old or new epinephrine-free chalone 
solution. During the first five hours of an incuba-
tion either exogenous chalone or epinephrine i 
thought to act by stabilizing t he so-called endoge-
nous chalone- epinephrine complex present at the 
time of bioassay animal sacrifice [23 ]. To compen-
sate for this demonstrated epinephrine depend-
ency, our experiment was particu larly designed 
so as not to exceed five hours. The inhibitOT)• 
effects observed in otLr system, then, must be 
interpreted in terms of the necessary factors in. 
valved in eliciting a chalone effect being present 
endogenously (within our assayed cells), or pres-
ent within our epidermal chalone extracts. 
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